Abstract. Perchlorate (ClO
Introduction
Perchlorate (ClO − 4 ) is an inorganic anion and a powerful oxidizer with high solubility and mobility in water. Relatively stable under ambient conditions, perchlorate may persist for many years, possibly decades, under typical surface water and groundwater conditions (Sturchio et al., 2014) . Perchlorate salts are widely used as oxidizer in solid rockets fuel and as component of fireworks, pyrotechnics, flares and explosives (Urbansky, 1998) . In addition, natural sources such as sodium nitrate deposits in Chile (Urbansky et al., 2001 ) and formation in the atmosphere have also been reported (Dasgupta et al., 2005) . Perchlorate is an environmental contaminant of concern in water because of its potential ability to inhibit iodide uptake and to impact neurodevelopment, especially for foetuses and infants (Leung et al., 2010) . Since 1997, perchlorate has been listed as a contaminant in drinking water monitoring programs in the USA (USEPA, 1998). The current health advisory level for ClO − 4 is set at 15 µg L −1 based on the reference dose recommended by the US EPA. However, in many countries, drinking water standard for ClO − 4 is yet to be defined. Many studies have underlined perchlorate contamination in water from numerous countries such as the USA, Canada (Backus et al., 2005) , China (Wu et al., 2010) , Japan (Kosaka et al., 2007) and India (Kannan et al., 2009) .
In France, the interest of research on ClO − 4 has increased since 2011 because of the discovery of ClO − 4 contamination in several drinking water resources in South-Western France, in the Paris Basin and in North-Eastern France (Lopez et al., 2015) . In the Champagne-Ardenne region (NE of France), the measurement campaigns carried out by the Regional Health Agency (ARS) in 2014 have showed high levels of ClO − 4 ions (> 15 µg L −1 ) in raw water resources intended for human consumption. Two potential sources of ClO − 4 in groundwater are suspected: military and agricultural. Indeed, the Champagne-Ardenne region was highly marked by the events of the First World War that may have emitted large quantities of perchlorates and other explosives in the environment, and France has imported, between 1875 and 1920, large quantities of natural nitrates as fertilizers from Chile, which are particularly rich in ClO − 4 ions. The study site in an intensive agricultural area, thereby it is concerned with the use of these Chilean nitrates.
The objectives of this study are (1) to identify the sources of ClO − 4 and other explosives in groundwater and to establish links between their occurrence and the type of human activities (military and/or agricultural), (2) to understand the transfer mechanisms of ClO − 4 in the Champagne chalk aquifer, with studies on flow and mineralization processes in the aquifer. A study area has been selected in the Champagne-Ardenne region for a continuous monitoring of water chemistry to observe a temporal and spatial evolution of the concentrations of the molecules concerned. In this paper, we will focus on the results of the 2 screening measurement campaigns carried out in 2017, with the purpose to obtain a water chemical map of the study area and to proceed a further monthly monitoring over the next 2 years.
Materials and methods

Study area
Location
The study area is located in the east of Reims (NE of France; Fig. 1 ) and covers approximately 600 km 2 between the Suippe River (as the northern and western boundary) and the Vesle River (as the southern boundary), where some water catchments intended for drinking water supply are significantly impacted by the presence of ClO − 4 ions. It corresponds to an agricultural zone (traditional crops of wheat and beet, for which Chilean nitrates were largely used to increase the production until the 1920s) located on the former battlefield of the First World War (military camp of Moronvilliers and the surrounding trench areas). In addition to some forests covered at the Berru Mount and the Champagne Mounts, the whole zone is used as agricultural lands.
Hydrogeological context
The aquifer of the study area is the unconfined Champagne chalk aquifer, which is a crucial water resource of the region. In some areas, the chalk is partially covered with Tertiary (the Berru Mount; Fig. 1 ) or Quaternary formations (the valleys of the Vesle River, the Suippes River and their tributaries).
The total porosity of the Chalk is about 40 %, with only 1 to 5 % related to the effective porosity (Rouxel-David et al., 2002; Vachier et al., 1987) . The Champagne Mounts con-stitute the major reliefs where the transmissivity ranges from 10 −6 to 10 −5 m 2 s −1 . In the valleys, these values are much higher, ranging from 10 −2 to 0.3 m 2 s −1 . The Darcy velocity of the water flow in the saturated zone varies between 0.16 m yr −1 at the reliefs and 315 m yr −1 in valleys (RouxelDavid et al., 2002) .
The study area is divided into two parts by the groundwater divide line across the summit of Berru Mount and the Champagne Mounts, which delimits the Vesle River watershed in the south and the Suippe River watershed in the north. According to water levels (Rouxel-David et al., 2002) , the chalk aquifer of the study area is generally drained by rivers except the water catchment of Couraux (Fig. 1 ) which supplies the drinking water for the Reims area. Due to the drawdown of groundwater level caused by pumping, the catchment is partially fed by river water, especially during low water period. The precipitation constitutes the only recharge of the Champagne chalk aquifer, mainly between September and April.
Sampling
Two chemical screening campaigns have been carried out in June and September 2017. In June, 25 groundwater (22 boreholes and 3 springs) were collected. All the selected sampling points are situated on areas both agricultural and concerned by military activities. Ten points of surface waters, distributed in the Aisne to Marne Canal, Vesle River, Suippes River and their tributaries (Table 1 and Fig. 1 ) were also sampled to take into account the groundwater/surface water exchanges in the diffusion of the molecules. In September, a total of 25 water samples were collected (Table 1 ). The points with non-detectable or very low ClO − 4 levels were not sampled and a new one has been added in the Suippes River. The physicochemical parameters (pH, conductivity, temperature, alkalinity, dissolved oxygen and redox potential) were measured at the sampling points.
Instrumental analysis
The quantification of ClO 
Results and discussion
Major ions
Calcium and bicarbonate are the predominant ions in water, which is consistent for groundwater in Chalk aquifer. However, spatially heterogeneities are present not only on Ca contents. This may be due to human activities and/or mineralization conditions of the aquifer, assumptions to be confirmed.
Perchlorate and explosives
The two screening campaigns show almost similar results for ClO − 4 concentrations (Table 1) . Perchlorate ions were found in almost all the samples, and the mean ClO − 4 concentrations in groundwater and surface water samples were 6.2 and 2.7 µg L −1 , respectively. 15 among the 35 water points (43 %) present ClO − 4 levels higher than 4 µg L −1 (concentration beyond which infants should not consume water according to French health authorities advices) and 1 sampling point exhibits ClO 
.
Note that explosives have not been detected in surface and groundwater samples, which may be due to their low persistence in soil and water.
Sixteen sampling points were selected based on the results of the 2 sampling campaigns for a monthly monitoring over the next 2 years (Fig. 2) . Sampling points showing high ClO − 4 concentrations were selected. Although the ClO − 4 levels on FBN1 and FA were low, these two sampling points will also be collected to ensure a consistent distribution of sampling points in the west and the southeast of the study area.
Conclusion and perspective
The preliminary results of the 2 sampling campaigns allowed us to obtain the chemical facies of groundwater, the levels and distribution of perchlorate ions in the study area. Most of sampling points showing high levels of ClO − 4 are located around the military camp of Moronvilliers, representing a potential source of perchlorate. That must be confirmed with further studies.
Over the next 2 years, measurements will be performed on 16 sampling points in the study area to determine the contents of major and trace elements, ClO In parallel, the measurement of the isotopic signature of oxygen and chlorine in ClO − 4 will make it possible to precise the sources of perchlorates (agriculture and/or military). A better understanding of the chalk aquifer properties and flow mechanisms will be reached by the measurement of the residence time of groundwater and the monthly monitoring of the chemical composition of waters. Finally, this multi-tracer approach will allow us to predict the spatial and temporal evolution of ClO − 4 concentrations, and thus offer innovative information to make appropriate recommendations in terms of water management.
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